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57) . ABSTRACT 
Apparatus for the separation of the liquid and vapor 
phases of a fluid incorporating an open ended cylinder 
in which are arranged blades. Each blade is in the form 
of a curvilinear triangular surface, whereof a first side 
contiguous with the cylindrical wall of the cylinder 
defines a helix whose axis coincides with the cylinder 
axis, an apex opposite to said first side is arranged sub 
stantially at the axis and the remaining sides define a 
leading edge substantially perpendicular to the cylinder 
axis and a trailing edge inclined with respect to said axis. 
A number of blades are joined together at their apices to 
define the blade arrangement within the cylinder. 
The invention also relates to a steam generator having 
an outer casing, a first circuit in which circulates a 
hot primary fluid and a second circuit in which circu 
lates a secondary fluid, whereby the latter incorporates 
at least one group of two separation apparatuses con 
nected in series. 

18 Claims, 4 Drawing Figures 
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APPARATUS FOR SEPARATING THE LIQUID 
AND WAPOR PHASES OF AFLUID 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for 
separating the liquid and vapour phases of a fluid and 
the application of such an apparatus to the reduction of 
the moisture content of steam leaving a steam genera 
tor. 

Generally, a certain quantity of a fluid in the vapour 
phases is in the liquid phase. For numerous applications, 
the permitted percentage of a fluid in the liquid phase is 
well below the existing percentage and it is then neces 
sary to pass the fluid through a suitable separating appa 
ratus permitting the passage of the fluid in the vapour 
phase, whilst retaining most of the said fluid in the liq 
uid phase transported by the vapour. 
Thus, for example, steam generators in which a pri 

mary heat transfer fluid heats the water circulating in a 
secondary circuit to bring the latter to the vapour state 
generally produce saturated steam having a relatively 
high moisture content. This is more particularly the 
case when the primary fluid circulates in U tubes im 
mersed in the water within the generator. In this type of 
steam generator, the moisture content of the steam pro 
duced varies between 20 and 80% by weight, as a func 
tion of the operation and utilization conditions. This 
moisture content is not compatible with the maximum 
moisture content permitted in the turbines generally 
driven by the steam leaving the steam generators. Thus, 
the steam driving the turbines must contain no more 
than 0.25% of liquid. It is therefore necessary to bring 
about an optimum complete separation of the liquid and 
vapour phases before the steam reaches the turbines. 
This separation is generally carried out within the steam 
turbines and specifically within the upper dome thereof. 

Already, numerous separation apparatuses are 
known, which are positioned in the upper dome of 
steam generators. These known apparatuses generally 
operate according to the cyclone principle, by gravity 
or by means of labyrinth seals and retaining channels. 
However, they all have the disadvantage of either a 
relatively low efficiency level involving the arrange 
ment in series of a large number of said separation appa 
ratuses in the upper dome of the generator, or of having 
a high pressure drop which reduces the recirculation 
rate, or have overall dimensions such that they occupy 
a large area within the generator. In all three cases, the 
total overall dimensions of the separation apparatus or 
apparatuses within the steam generator are very great 
and leads to a significant increase in the total height of 
the generator compared with that occupied by the ac 
tual heat exchanger. 

BRIEF SUMMARY OF THE INVENTION 
The invention therefore relates to the construction of 

an apparatus for the separation of the liquid and vapour 
phases of a fluid having limited overall dimensions and 
pressure drops, but a high efficiency level, so that it can 
be used in a steam generator without disproportionately 
increasing the overall height thereof. 
The invention also relates to the construction of a 

separation apparatus having a simple design and which 
can be used outside a steam generator. 
The present invention therefore relates to an appara 

tus for the separation of the liquid and vapour phases of 
a fluid incorporating an open ended cylinder in which 
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2 
are arranged blades. Each blade is in the form of a cur 
vilinear triangular surface, whereof a first side contigu 
ous with the wall of the cylinder defines a helix whose 
axis coincides with the cylinder axis, an apex opposite to 
said first side is arranged substantially at the axis and the 
remaining sides define a leading edge substantially per 
pendicular to the cylinder axis and a trailing edge in 
clined with respect to said axis. A number of blades are 
joined together at their apices to define the blade ar 
rangement within the cylinder. 
As a result of this special configuration of the blades 

of the separation apparatus according to the invention, 
the apparatus has a high efficiency level for low overall 
dimensions. Thus, the use of two apparatuses of this 
type superimposed within the dome of a steam genera 
tor in most cases makes it possible to obtain a steam 
which can directly be used in turbines. 
According to a preferred embodiment of the inven 

tion, the inclination angle of the trailing edge with re 
spect to the cylinder axis is between 30 and 60. 
According to another feature of the invention, the 

trailing edge of each blade is curved and defines with 
the straight line joining the corresponding apices a sur 
face curved inwards in the direction of the helix defined 
by the first side. 
According to a first variant of the invention, the 

leading edge of each blade is rectilinear. 
According to a second variant of the invention, each 

blade has on the side defining the leading edge a frus 
tum-shaped extension curved inwards in the direction 
of the helix defined by the first side, the radius of curva 
ture of said extension increasing towards the cylindrical 
wall. 

Preferably, the fluid in the liquid phase, held back in 
the apparatus, is discharged by means of an annular 
cover positioned in the extension of the cylinder on the 
fluid discharge side and a cylindrical skirt whose diame 
ter exceeds the diameter of the cylinder extending from 
the annular cover, the internal diameter of the latter 
being smaller than the cylinder diameter. 
The invention is more particularly applicable to a 

steam generator of the type comprising an outer casing, 
a first circuit in which circulates a hot primary fluid and 
a second circuit in which circulates a secondary fluid, 
the latter entering the casing in the liquid state and 
leaving it in the vapour state after storing part of the 
calories transported by the primary fluid, the second 
circuit also incorporating means for separating the liq 
uid and vapour phases of the secondary fluid positioned 
in the vicinity of the outlet from the casing, wherein the 
separation means comprise at least one group of two 
separation apparatuses connected in series. 

Preferably, the cylinder of the second separation 
apparatus is then sealingly connected to the cover of the 
first separation apparatus. 

In order to bring about a satisfactory operation of the 
generator, the second circuit comprises an upper cham 
ber into which extends the second separation apparatus 
and a chamber into which issue the passages defined 
between the wall of each separation apparatus and the 
corresponding cylindrical skirt, the chambers being 
linked by drying means having a low pressure drop. 
According to a preferred embodiment of the inven 

tion, each blade of the first separation apparatus on the 
side of the leading edge comprises a frustom-shaped 
extension curved inwards in the direction of the helix 
defined by the first side, the radius of curvature of this 
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extension increasing towards the corresponding cylin 
drical wall and the leading edge of each blade of the 
second separation apparatus is rectilinear. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The invention is shown in greater detail in the accom 

panying drawings which show preferred embodiments 
and in which: 

FIG. 1 is an axial sectional view diagrammatically 
representing the upper part of a steam generator incor 
porating such separation apparatuses constructed ac 
cording to the invention. 

FIG. 2 is a side view showing the shape and the ar 
rangement of the blades of the separation apparatus of 
each of the groups of separators of the steam generator 
of FIG. 1 and a plane projection in a direction perpen 
dicular to the axis of the cylinder of one of the blades of 
said apparatus. 
FIG. 3 is a view like that of FIG. 2 showing from the 

side the shape and arrangement of the blades of the 
lower separation apparatus of each group of separators 
shown in FIG. 1. 

FIG. 4 is a perspective view showing the shape and 
distribution of the blades in the lower separation appa 

- ratus of FIG. 3. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODEMENTS 

The steam generator, whose upper part is shown in 
FIG. 1, is of a known construction in which the hot 
primary fluid circulates in a group of U tubes 10 for 
transmitting the calories which it carries to a secondary 
fluid, generally water. The generator comprises a cylin 
drical outer casing 12 having a vertical axis, a tightly 
sealed partition 14 surrounding the group of tubes 10 
within the casing 12 and a group of two superimposed 
separation apparatuses 16 and 18 associated with the 
group of tubes 10 for interconnecting chamber 15 de 
fined by the corresponding partition 14 with a chamber 
20 formed in the upper part of casing 12. Chamber 20 is 
provided with an outlet 22 for linking to a not shown 
utilization circuit. As illustrated in FIG. 1, upper cham 
ber 20 is separated from a chamber 34, in which are 
received the separation apparatuses 16 and 18, by means 
of a drying system 24. 
As a result of this arrangement, when a hot primary 

fluid circulates in the group of tubes 10 and when a 
secondary fluid penetrates from the bottom into cham 
ber 15, said secondary fluid vapourizes before entering 
chamber 20 by successively traversing the separation 
apparatuses 16 and 18, which make it possible to reduce 
the moisture content of the steam entering chamber 20 
to a suitable value. The steam leaving chamber 20 via 
opening 22 is then advanced into the not shown utiliza 
tion circuit generally incorporating the turbines which 
convert the thermal energy in the steam into mechani 
cal energy. 
According to the invention, each of the separators 16 

and 18 has a tightly sealed, cylindrical wall 26 having a 
vertical axis, an annular cover 28 positioned in the ex 
tension of the cylindrical wall on the fluid outlet side, 
i.e. above said wall in the represented embodiment, and 
a cylindrical skirt 30 extending downwardly from the 
annular cover 28. The internal diameter of cover 28 is 
smaller than the diameter of wall 26 and the external 
diameter of cover 28, as well as the diameter of skirt 30, 
are larger than the diameter of wall 26. Thus, the cover 
and the cylindrical skirt define an annular passage 32 by 
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4. 
which the fluid in the liquid phase is advanced into 
chamber 34 defined within casing 12 between the po 
rous wall 24 and the tightly sealed partitions 14. 
The separation of the liquid and vapour phases of the 

secondary fluid circulating through the separators 16 
and 18 is brought about by means of blades 36, 38 which 
produce a centrifugal action within each apparatus. As 
illustrated in FIG. 1, the cylindrical wall 26 of each 
lower separation apparatus 16 is sealingly connected to 
the corresponding partition 14. In the same way, the 
cylindrical wall 26 of the upper separation apparatus 18 
is sealingly connected to the cover 28 of the lower 
separation apparatus 16. Finally, the cover 28 of the 
upper separation apparatus 18 is sealingly connected to 
a pipe 40 which traverses the porous partition 24. Fi 
nally, and as illustrated in FIG. 1, the separation appara 
tus 16 and 18 are arranged coaxially and the dimensions 
of walls 26 and covers 28 are substantially the same. 
The special shapes of blades 36 and 38, as well as their 

arrangement within the corresponding separation appa 
ratuses 16 and 18 will now be described with reference 
to FIGS. 2 to 4. 

Each of the separation apparatuses 16 and 18 contains 
six blades 36 and 38, regularly distributed within the 
hollow of the cylindrical wall 26. 
With the object of simplifying the description, we 

will start by describing with reference to FIG. 2 the 
blades 38 of the upper separation apparatus 18, whose 
shape is less complicated than that of the blades 36 of 
the lower separation apparatus 16. 
Each of the blades 38 is in the form of a curvilinear 

triangular surface, whereof a first side 42 which is con 
tiguous with the corresponding wall 26 defines a helix, 
whose axis coincides with the axis X-X of the wall. 
The apex A of this curvilinear triangle opposite to side 
42 is positioned substantially along axis X-X. Accord 
ing to the invention, the six blades 38 are sealingly as 
sembled to one another by their apex A, e.g. by weld 
ing, in such a way that there is no direct passage of 
secondary fluid through the corresponding separation 
apparatus 18. The two other sides AB and AC of the 
curvilinear triangle 38 respectively define a leading 
edge 44 substantially perpendicular to axis X-X of 
wall 26 and located at the lower end of the latter and a 
trailing edge 46 inclined with respect to axis X-X by 
an angle preferably between 30 and 60. In the embodi 
ment shown in FIG. 2, this angle has a value substan 
tially equal to 45. The leading edge 44 of each blade 38 
is preferably rectilinear, whilst the trailing edge 46 is 
curved and defines, with the straight line AC joining 
the corresponding apices of the curvilinear triangle 
defined by the blade, a cylindrical surface curved in 
wards in the direction of the helix defined by side 42, i.e. 
upwards when considering the side view of FIG. 2. 
Preferably, each of the blades 38 is developable, i.e. the 
generatrices of the blades passing through apex A and 
side 42 are rectilinear. Moreover, the trailing edge 46 of 
each blade is preferably bevelled. 
As shown in FIGS. 3 and 4, the blades 36 of the lower 

separation apparatus 16 are arranged in the same way as 
the blades 38 of separation apparatus 18, i.e. there are six 
of them, regularly distributed within the hollow of the 
cylindrical wall 26. 

Moreover, the shape of the blades 36 is similar to the 
shape of blades 38. Each blade 36 is in the form of a 
curvilinear triangular surface, whereof one side 48 
which is contiguous with wall 26 defines ahelix, whose 
axis coincides with axis Y-Y of said wall. In the same 
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way, apex D of the curvilinear triangle defined by each 
blade opposite to side 48 is essentially located in axis 
Y-Y. As in the case of the upper separation apparatus 
18, the blades 36 are welded to one another level with 
apex D, as illustrated by FIG. 3. The two other sides 
DE and DF of the curvilinear triangle defined by each 
of the blades 36 constitute a leading edge 50 and a trail 
ing edge 52. The trailing edge 52 is curved and bevelled 
in the same way as the trailing edge 46 of the edge of the 
blades 38. However, the blades 36 differ from blades 38 
by their leading edge 50. Thus, each blade 36 has on the 
side of the leading edge 50 a frustum-shaped extension 
54 whose axis is substantially perpendicular to axis 
Y-Y. This extension 54 is curved inwards in the direc 
tion of the helix formed by side 48, i.e. towards the 
bottom thereof in the case of FIG. 4 and the side view 
of FIG. 3. As shown in FIGS. 3 and 4, the radius of 
curvature of the frustum-shaped extension 54 increases 
from axis Y-Y towards the cylindrical wall 26. In the 
same way as for blades 38, each of the blades 36 is devel 
opable. 
The operation of the steam generator described here 

inbefore with reference to FIGS. 1 to 4 is as follows. 
Due to the heat exchange between the primary fluid 

and the secondary fluid at the U tubes 10 in which 
circulates the primary fluid, the secondary fluid is 
vapourized in the chamber 15 defined within the tightly 
sealed cylindrical partition 14. The secondary fluid in 
the vapour phase has a relatively high moisture content 
between 20 and 80% by weight at the upper level of 
chamber 15. It then successively traverses the separa 
tion apparatuses 16 and 18 before entering the upper 
chamber 20 through pipes 40. The dried steam is then 
discharged by outlet 22 to the utilization circuits (not 
shown). 
The steam which enters by the lower end of each of 

the separation apparatuses 16 and 18 is centrifuged by 
the helical blades 36 and 38, in such a way that the 
secondary fluid in the liquid phase is deposited on the 
inner face of the cylindrical wall 26 before being for 
warded via passages 32 into chamber 34. The moisture 
content of the steam leaving the chambers 15 defined 
within the partitions 14 is therefore reduced by each of 
the separation apparatuses 16 and 18 in such a way that 
the moisture content of the steam contained in chamber 
20 is below 0.25% by weight. 
A small part of the steam can enter chamber 34 via 

passages 32. The fluid in the vapour phase entering 
chamber 34 is then recovered after traversing the dry 
ing system 24 which wholly or partly retains the liquid 
droplets without producing significant pressure drops in 
the outflowing steam. For example, system 24 can be 
constituted by a porous partition made from a commer 
cially available product known under the trade name 
"KNIT'. Drying can be carried out by gravity or by 
any other drying system (impact or labyrinth drier, etc). 

It can be gathered from what has been stated herein 
before that the separation apparatuses 16 and 18 accord 
ing to the invention have a sufficiently high efficiency 
level to enable a group of two series-connected separa 
tors to reduce the moisture content of steam leaving the 
steam generator to an acceptable level. The overall 
dimensions of the steam generator are significantly re 
duced compared with those equipped with prior art 
separation apparatuses. . 

Obviously, the invention is not limited to the embodi 
ment described hereinbefore in exemplified manner and 
in fact covers all variants thereof. 
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6 
Thus, the apparatuses for separating the liquid and 

vapour phases according to the invention can be used 
whenever such a separation is required and they are not 
limited to use in a steam generator in the manner de 
scribed hereinbefore. 
What is claimed is: 
1. An apparatus for the separation of the liquid and 

vapor phases of a fluid incorporating an open ended 
cylinder having an axis and blades in the cylinder, 
wherein each blade is in the form of a curvilinear triang 
ular surface having a first side contiguous with the 
cylinder and defining a helix whose axis coincides with 
the cylinder axis, an apex opposite to said first side, 
arranged substantially at the axis of the cylinder and 
assembled in sealed manner at the corresponding apices 
of the other blades, two other sides of the triangular 
surface defining a leading edge substantially perpendic 
ular to the cylinder axis and a trailing edge inclined with 
respect to said axis, and two other apices opposite re 
spectively to said leading edge and to said trailing edge, 
said trailing edge being curved and defining with a 
straight line joining the apices opposite to said first side 
and to said leading edge a surface curved inwards in a 
direction of the helix defined by the first side. 

2. Apparatus according to claim 1, wherein the incli 
nation angle of the trailing edge with respect to the axis 
of the cylinder is between 30' and 60. 

3. Apparatus according to claim 1, wherein the lead 
ing edge of each blade is rectilinear. 

4. Apparatus according to claim 1, including an annu 
lar cover located on a fluid outlet side of said cylinder 
and a cylindrical skirt whose diameter is larger than that 
of the cylinder and extending from the annular cover, 
the internal diameter of the annular cover being smaller 
than the diameter of the cylinder. 

5. Apparatus according to claim 1, wherein the axis of 
the cylinder is vertical and the fluid enters from the 
bottom of the cylinder. 

6. An apparatus for the separation of the liquid and 
vapor phases of a fluid incorporating an open ended 
cylinder having an axis and blades in the cylinder, 
wherein each blade is in the form of a curvilinear triang 
ular surface having a first side contiguous with the 
cylinder and defining a helix whose axis coincides with 
the axis of the cylinder, an apex opposite to said first 
side, arranged substantially at the axis of the cylinder 
and joined and sealed at the corresponding apieces of 
the other blades, two other sides of the triangular sur 
face defining a leading edge substantially perpendicular 
to the axis of the cylinder and a trailing edge inclined 
with respect to said axis, and two other apices opposite 
respectively to said leading edge and to said trailing 
edge, each blade having on the leading edge a frustum 
shaped extension curved inwards in a direction of the 
helix defined by the first side, the radius of curvature of 
said extension increasing towards the cylinder. 

7. Apparatus according to claim 6, wherein the incli 
nation angle of the trailing edge with respect to the axis 
of the cylinder is between 30' and 60'. 

8. Apparatus according to claim 6, wherein the lead 
ing edge of each blade is rectilinear. 

9. Apparatus according to claim 6, including an annu 
lar cover located on a fluid outlet side of said cylinder 
and a cylindrical skirt whose diameter is greater than 
the diameter of the cylinder and extending from the 
annular cover, the internal diameter of the cover being 
smaller than the diameter of the cylinder. 
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10. Apparatus according to claim 6, wherein the axis 
of the cylinder is vertical and the fluid enters from the 
bottom of the cylinder. 

11. A steam generator of the type comprising an outer 
casing, a first circuit in which circulates a hot primary 
fluid and a second circuit in which circulates a second 
ary fluid, the secondary fluid entering the casing in the 
liquid state and leaving it in the vapor state after storing 
part of the calories transported by the primary fluid, the 
Second circuit also incorporating means for separating 
the liquid and vapor phases of the secondary fluid posi 
tioned in the vicinity of an outlet from the casing, 
wherein the separation means comprise at least one 
group of two separation apparatuses connected in se 
ries, each of said apparatuses incorporating an open 
ended cylinder having an axis and blades within the 
cylinder, each blade being in the form of a curvilinear 
triangular surface having a first side contiguous with 
the cylinder and defining a helix having an axis which 
coincides with the axis of the cylinder, an apex opposite 
to said first side, arranged substantially at the axis of the 
cylinder and joined and sealed at the corresponding 
apices of the other blades, two other sides of the triang 
ular surface defining a leading edge substantially per 
pendicular to the axis of the cylinder and a trailing edge 
inclined with respect to said axis, and two other apices 
opposite respectively to said leading edge and to said 
trailing edge, said trailing edge being curved and defin 
ing with a straight line joining the apices opposite to 
said first side and to said leading edge a surface curved 
inwards in a direction of the helix defined by the first 
side. 

12. A generator according to claim 11, wherein each 
of said apparatuses includes an annular cover on a fluid 
outlet side of said cylinder, a cylindrical skirt having a 
diameter greater than that of the cylinder and extending 
from the annular cover, the internal diameter of the 
annular cover being smaller than the diameter of the 
cylinder, the axis of the cylinder being vertical and the 
fluid entering from the bottom of the cylinder, the cyl 
inder of a second of said separation apparatuses being 
connected and sealed to the cover of a first of said appa 
ratuses. 

13. A generator according to claim 12, wherein the 
second circuit comprises an upper chamber into which 
opens the second of said separation apparatuses and a 
chamber into which open passages defined between the 
cylinder of each of said separation apparatuses and the 
corresponding cylindrical skirt, and drying means hav 
ing a low pressure drop connecting the chambers. 

14. A generator according to claim 13, wherein'each 
blade of the first of said separation apparatuses on the 
side of the leading edge comprises a frustum-shaped 
extension curved inwards in a direction of the helix 
defined by the first side, the radius of curvature of said 
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8 
extension increasing towards the corresponding cylin 
der and wherein the leading edge of each blade of the 
second of said separation apparatuses is rectilinear. 

15. A steam generator of the type comprising an outer 
casing, a first circuit in which circulates a hot primary 
fluid and a second circuit in which circulates a second 
ary fluid, the secondary fluid entering the casing in the 
liquid state and leaving it in the vapor state after storing 
part of the calories transported by the primary fluid, the 
second circuit also incorporating means for separating 
the liquid and vapor phases of the secondary fluid posi 
tioned in the vicinity of an outlet from the casing, 
wherein the separation means comprise at least one 
group of two separation apparatuses connected in se 
ries, each said separation apparatus comprising an open 
ended cylinder having an axis and blades in said cylin 
der, each blade having a curvilinear triangular surface 
having a first side contiguous with the cylinder and 
defining a helix whose axis coincides with the axis of the 
cylinder, an apex opposite to said first side, arranged 
substantially at the axis of the cylinder and joined and 
sealed at the corresponding apices of the other blades, 
two other sides of the triangular surface defining a lead 
ing edge substantially perpendicular to the axis of the 
cylinder and a trailing edge inclined with respect to said 
axis, and two other apices opposite respectively to said 
leading edge and to said trailing edge, each blade of the 
first of said separation apparatuses in the series having 
on the leading edge a frustum-shaped extension curved 
inwards in a direction of the helix defined by the first 
side, the radius of curvature of said extension increasing 
towards the cylinder. 

16. A generator according to claim 15, wherein each 
of said separation apparatuses has an annular cover 
located on a fluid outlet side of said cylinder and a 
cylindrical skirt having a greater diameter than that of 
the cylinder and extending from the annular cover, the 
internal diameter of the annular cover being smaller 
than the diameter of the cylinder, the axis of the cylin 
der being vertical and the fluid entering from the bot 
tom of the cylinder, the cylinder of a second of said 
separation apparatuses being connected and sealed to 
the cover of a first of said apparatuses. 

17. A generator according to claim 16, wherein the 
second circuit comprises an upper chamber into which 
opens the second of said separation apparatuses and a 
chamber into which open passages defined between the 
cylinder of each of said separation apparatuses and the 
corresponding cylindrical skirt, and drying means hav 
ing a low pressure drop connecting the chambers. 

18. A generator according to claim 15, wherein the 
leading edge of each blade of the second of said separa 
tion apparatuses in the series is rectilinear. 
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